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Abstract 
To create a winning brand, the stylist, aesthetic designer, and company managers should continuously innovate without straying from the 
brand’s car history, and they should use the country’s culture as a value system and as background inspiration. In this context, the proposed 
approach assumes that aesthetic judgments related to the country identity of the car, rely on the car’s important (primitive) characteristics lines, 
which have been considered foundational and necessary to make this determination. The issue is then to identify, extract and to interpret these 
characteristic lines. The proposed approach is based on two important hypotheses. The first hypothesis, called the singularities hypothesis, 
stipulates that the singularities can be used to identify the characteristic lines in cars’ style.  The second hypothesis, called primitives 
hypothesis, stipulates that cars of different brands, with their specific style, can be used in order to identify and extract characteristic styling 
primitives. Three spaces have been defined: the stylist space, the CAD space and the interpretation-emotional space. The CAD approach for 
identification and extraction of characteristic lines has been implemented in CAD environment. The approach has been applied to the 
identification, extraction and characterization of characteristic lines of French cars as well as the German cars. The application has shown a 
geometrical difference between the French characteristic lines and the German characteristic lines. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The question has been raised recently regarding the 
relationship between a brand’s style of car and its country’s 
cultural identity in the context of the globalization of car 
design [1]. Indeed, in order to give an identity to a car and 
maintain differentiation, the main objective of a brand or a 
strong family brand is to have a clear and precise tonality. 
This tonality is built by strong brand identity: be the only one 
on the top and be specific [2]. Brand identity is installed 
through a combination of the car’s physical quality, 
experience and the appreciation of the brand by the final 
consumer, or it may simply come from the success of the 
brand itself [3]. A car’s brand identity is formed during its 
history by the fundamental value of the brand and the country 
heritage. Scandinavian heritage for the Volvo brand, British 
heritage for the Jaguar brand, American automotive design 
heritage for the Cadillac brand, and Italian heritage for the 
Alfa Romeo brand are some examples of country heritage [4]. 
Therefore, brand identity and country heritage can be the 
foundation of design strategies for a brand product. These 
design strategies drive the aspects and constraints of the future 
product, while also defining the brand identity in relation to 
the country’s cultural identity. 
The influence of collaborative design of cars style within 
distributed geographic platforms across countries is another 
issue in the globalization of car design. Currently, many cars 
are designed through collaborations between brands. 
Examples of this include the Mitsubishi i MiEV, Peugeot iOn, 
and Citroën C-ZERO, which were developed in conjunction 
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with Mitsubishi and Peugeot-Citroën [5]. The degree to which 
the different stylist and aesthetic designer, with their own 
cultural identities, influenced the car’s style design is an open-
ended question. In distributed geographic platforms, if all 
involved expert actors actively contribute to product design 
and development, respective to the aspects and the constraints 
of their area of expertise, the specific style of the product 
establishes both the connection between expert actors and the 
connection between the brand and the consumer [6]. Thus, 
brand identity is defined by multiple points of views with 
respect to the style and structure of the car.  
A brand's stylist and aesthetic designer perform an analysis 
involving market analysis [7], consumer demographic 
research [8], consumer style clinics [9-11], vehicle and brand 
analysis of general shapes [3], details [12-15], lights and their 
time signature [16], styling of the exterior and interior and 
their components [17-20], different lines such as shut lines or 
cut lines [21], vehicle windows graphics, stance, and the 
vehicle’s visual attitude [22]. 
We can address the question of whether a relationship 
exists between the consumer’s cognitive process and the 
design contents (different cars’ front quarter view, stance, and 
3D CAD models). To create a winning brand, the stylist, 
aesthetic designer, and company managers should 
continuously innovate without straying from the brand’s car 
history, and they should use the country’s culture as a value 
system and as background inspiration. This research focuses 
on whether a brand’s stylist and aesthetic designer assure that 
their cars reproduce a way of life of the country they 
represent. In this context, the proposed approach assumes that 
aesthetic judgments related to the country identity of the car, 
rely on the car’s important (primitive) characteristics lines. 
Characteristic lines of a car are geometrical entities of the 
decomposition of the car profile.  They have been considered 
foundational and necessary to make this judgment.  
Thus the goal of this paper is to identify, extract and to 
interpret these characteristic lines. A CAD approach is 
proposed in this paper. The proposed approach and the CAD 
model are generic. The approach has been applied to the 
extraction, identification and characterization of characteristic 
lines of French cars as well as the German cars.  
 
2. General methodology 
The proposed approach uses two paradigms: (a) the 
qualitative research paradigm, related to the stylist space and 
interpretation - emotional space and (b) the computational 
research paradigm, related to the CAD space. 
 
Fig. 1. Singularity area and characteristic lines 
Using these paradigms, the analysis is performed based on 
two important hypotheses. The first hypothesis, called the 
singularities hypothesis, stipulates that the singularities can be 
used to identify the characteristic lines in cars’ style (Figure 
1).  
The second hypothesis, called primitives hypothesis, 
stipulates that cars of different brands, with their specific 
style, can be used in order to identify and extract 
characteristic styling primitives, relevant for identity and 
discrimination, at macro and micro level. Macro level 
represents the overall style of a car; micro level represents the 
characteristic styling primitives. The use of quantitative and 
qualitative research paradigms are based on these hypotheses. 
 
 
Fig. 2. Proposed approach 
They are three spaces for identification, extraction and 
interpretation of characteristic lines: the stylist space, the 
CAD space and the interpretation space (Figure 2). The stylist 
space is used to identify characteristic line of a specific style 
based on the observation of the styling process. The CAD 
space is used to extract the characteristic lines from a CAD 
car’s model (blueprint of cars). In the interpretation space, the 
characteristic lines are linked with the aesthetic judgment and 
the attached emotions. 
3. Proposed CAD approach 
This paper is focused on the CAD space divided in the 
following four phases (figure 2).  
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Fig. 3. (a) Four views of a car (hidden front view); (b) extracted profile of the 
lateral view. 
Phase 1: CAD car’s representation: blueprint of cars 
In this phase, the CAD of the cars is represented by their 
respective blueprints. Figure 3 (a) shows the four considered 
views of a car into the CAD space of CATIA v5. Figure 3 (b) 
shows an example of an extracted profile of the lateral view. 
Phase 2: Decomposition of blueprint into primitives of 
characteristic lines for every car - singularity  
The main goal of this phase is to decompose the blueprint, 
based on the previous extracted profile, into primitives of 
characteristic lines for every car. In order to perform it, the 
extracted profile is broken in isolated primitives. For example, 
the Figure 4 represents four primitives of the characteristic 
line, called upper lateral profile, of a car. 
 
 
Fig. 4. Four primitives of the characteristic line, called upper lateral profile, 
of a car. 
Phase 3: Choice of characteristic lines for every car  
The main objective is to obtain the chunk of characteristic 
lines which will be representative of the cars. For instance, 
Figure 5 shows the chunk of the primitives of the 
characteristic line representing the upper lateral profile of a 
car. To perform this phase, the feedback from the stylist 
space, presented in the previous section of this paper, is used. 
 
Fig. 5. Chunk of the primitives of the characteristic line representing the 
upper lateral profile of a car. 
 
Fig. 6. Flowchart of the computing process of characteristic lines for every 
car and for every country 
Phase 4: Computing characteristic lines for every car and for 
every country  
This phase is divided into six steps defining a computing 
process performed in the CAD software for each brand of car. 
Figure 6 shows the flowchart of the computing process of 
characteristic lines for every car and for every country. 
Step 0: In this step, the car models of a brand are chosen. 
The car models should be chosen based on the objectives and 
the hypothesis of the study. For instance, the application 
shows in section four is based on the five following 
hypothesis: Continuity hypothesis, Range hypothesis, Country 
hypothesis, Period hypothesis and Reference hypothesis. 
Step 1: In this step, a new CAD file is created. This CAD 
file, which at the beginning is empty, will be used in the next 
steps for the computing process, in order to create a middle 
characteristic line representing the center of the characteristic 
lines of each model of each brand. 
 
Fig. 7. Two characteristic lines, the upper lateral profiles, of two cars, and 
some reference points. 
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Step 2: In this step, for each model of each brand, the 
characteristic lines defined in the third phase are entered in 
the CAD file (created in the previous step). For example, 
figure 7 shows two characteristic lines, the upper lateral 
profiles, of two cars. 
Step 3: In this step, reference points are extracted from the 
characteristic lines in order to give inputs for the next step. 
For example, some reference points of the upper lateral 
profile are represented on the figure 7. 
Step 4: In this step, the reference points of the middle 
characteristic line are computed. Actually, the middle 
characteristic line should be representatives of the car profiles. 
In order to perform it, we propose to link with a direct line 
two identical reference points belonging to two same 
characteristic lines. Then, a middle point of each line, which 
will represent the reference point of the middle characteristic 
line, has been generated. For example, Figure 8 shows some 
computed reference points of the middle characteristic line. 
Step 5: In this step, the reference points of the middle the 
middle characteristic line are linked with a spline in order to 
generate middle characteristic line. For example, Figure 9 
shows a generated middle characteristic line. 
As explain previously, this computing process should be 
performed for each brand of car. Once the middle 
characteristic lines representing each brand are generated, the 
computing process needs to be applied through the brand of a 
country in order to propose a middle characteristic line 
representing a specific country. For example, Figure 10 shows 
the construction features of the middle characteristic line 
based on three representative brand of a specific country. 
 
 
Fig. 8. Some computed reference points of the middle characteristic line. 
 
 
Fig. 9. Generated middle characteristic line. 
 
Fig. 10. Construction features of the middle characteristic line based on three 
representative brand of a country. 
4. Application 
Car’s characteristics lines are considered foundational and 
necessary to make emotional judgment. In order to illustrate 
this approach, an application is presented in this section. For 
the main objective of it is to present the representative middle 
characteristic lines of two specific countries for the same 
range of cars. We choose to develop it for the French and the 
German cars. Even so, the proposed approach is generic 
because it does not depend on the range of cars. 
In order to choose the car models, we propose to base it on 
the following hypothesis: 
Continuity hypothesis: We assume that there is a 
relationship between commercial success, its continuity and 
the aesthetic judgment of the style of the car. 
Range hypothesis: The study is focused on mid-range 
segment cars. A lot of cars belonging to this segment have 
achieved commercial success.  
Country hypothesis: The study is focused on a specific 
country and in this case on French cars. The car models 
chosen are French city and compact cars. French cars 
configured according to a hatchback architecture are chosen. 
Period hypothesis: Indeed, in order to give an identity to a 
car and maintain differentiation, the main objective of a brand 
or a strong family brand is to have a clear and precise tonality. 
This tonality is built by strong brand identity: be the only one 
on the top and be specific [2]. Therefore, the chosen car 
models should have been designed before the accelerated 
collaborations between brands. Actually, a lot of cars are built 
during collaborations between brands. Examples of this 
include the Mitsubishi i MiEV, Peugeot iOn and Citroën C-
ZERO which were developed in conjunction with Mitsubishi 
and Peugeot-Citroën car manufacturers [5]. 
Reference hypothesis: A reference is needed in order to be 
able to compare French car styles. We chose German cars, 
which should have achieved commercial success in the same 
segment from the same period and in the same range. 
The hatchback architecture of French cars provides a large 
panel of options for the style analysis (Table 1). We chose the 
2CV and the C3 from the Citroën compact cars (2CV; Dyane; 
Visa; AX; Saxo; C3 families). For the Peugeot compact cars, 
we chose the 205 and the 206 (104; 205; 206; 207; 208 
families) and the R5 and Clio 2 from Renault (R5; Super 5; 
Clio 1; Clio 2; Clio 3 families). 
In addition, successful German cars should be chosen. 
German car manufacturers BMW and Mercedes-Benz have 
been building notchback cars for decades. For instance, 
compared to French brands, BMW and Mercedes-Benz have 
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relatively recently introduced hatchback models, like the 1 
Series from BMW in 2004 or the A-Class from Mercedes in 
1997. In order to compare the French cars with a hatchback 
architecture from a German car manufacturer, who have been 
proposing this kind of architecture for decades, we chose the 
very successful Golf 2 and the Golf 4 from the Volkswagen 
compact cars (Golf 1; Golf 2; Golf 3; Golf 4; Golf 5; Golf 6; 
Golf 7 families) (Table 2). These cars constitute the reference 
for comparison. 
After application of the proposed approach, seven 
characteristic lines have been identified and extracted: {C1= 
upper lateral profile; C2= lower lateral profile; C3= door 
profile; C4= roof profile; C5= upper grille profile; C6= lower 
bumper profile; C7= right (or left) lateral profile}. Table 1 
represents these characteristic lines.   
Table 1. Seven characteristic lines of a car. 
Name Description Illustration 
C1 upper lateral profile 
 
C2 lower lateral profile  
C3 door profile 
 
C4 roof profile  
C5 upper grille profile 
 
C6 lower bumper profile  
C7 right (or left) lateral profile 
 
 
According the previously exposed computing process, 
Table 2 shows the obtained results. Results show a 
geometrical difference between the French lines and the 
Volkswagen lines. 
The results show a geometrical difference between the 
French lines and the Volkswagen lines. Effectively, the next 
step of the study will be to perform an interpretation of these 
lines, in the interpretation space of our presented model. For 
example for the C1 line, we can note on this German 
characteristic line, the stalls between the upper grille 
(vertical), the profile (slope) and the trunk (also vertical). In 
comparison, the French design is much more fluid. This 
interpretation is a geometrical analyze. Linked with the 
emotional interpretation, we can extend our interpretation as 
following. For example, it may sound like a drop of water on 
the side or, by analogy, a "dolphin profile". We can also see a 
stall on the upper grille, but very similar to the profile of the 
lower grille that will be seen later. The rear has an exponential 
curve which is starting in the front of the car. We can also say 
that we have with this curve, a curvature that is representative 
of the elegance of French spirit. 
Table 2. Obtained results of French lines (bold and green lines) and 
Volkswagen lines (thin and black lines). 
 French line/ Volkswagen line 
C1  
 
 
 
C2 
 
C3 
 
C4 
 
C5 
 
C6 
 
C7 
 
 
5. Discussion and conclusion 
This paper proposes an approach for identification, 
extraction and interpretation of characteristic lines of cars. 
Three spaces have been defined: the stylist space, the CAD 
space and the interpretation space. 
The application of the approach has shown a geometrical 
difference between the French characteristic lines and the 
Volkswagen characteristic lines. By comparison, it can be 
deduced that there are characteristic lines which can be 
dedicated to French cars, like the upper lateral profile, the 
lower lateral profile, the upper and lower grille profiles and 
the right (or left) lateral profile.  
But the results show also that characteristic lines though 
foundational, seem not sufficient in analyzing the relationship 
between the car’s style and some implicit references such as 
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the cultural identity of a specific country. The car’s style as a 
whole should be generated and emerged from these important 
characteristic lines and can thus it can emphasize and 
complete this determination. 
The proposed approach recommends and highlights the 
possibility of extracting and isolating the characteristic lines 
that evoke a specific identity. This in turn highlights the 
importance of early aesthetic exploration for the car’s style 
with regard to the cultural identity of a country. 
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